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Disclaimer
The contents of this report were based on the best available information at the time of
publication.  It is based in part on various assumptions and predictions.  Conditions may change
over time and conclusions should be interpreted in the light of the latest information available.
 Chief Executive Officer, Department of Agriculture Western Australia 2001
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Summary
Fourteen experimental catchments ranging from 3 to 265 ha in area were established by
the Department of Agriculture between 1961 and 1974. Their topographic features, soils
and land treatments are described. A general north-east to south-west trend in ratios of
five and ten year average-recurrence-interval floods to the mean annual flood, suggests
that climatic and/or soil factors require further investigation. Their continued gauging is
recommended, particularly in view of the likely decreased winter rainfall in the future
caused by the increasing influence of the Greenhouse Effect.
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1. Introduction
The agricultural areas of Western Australia are confined that part of its south-west,
receiving more than 300 mm average annual rainfall (Figure 2). Extensive small grain
cropping and grazing, mainly by sheep, are carried out in the area.
The climate is Mediterranean, characterized by hot dry summers and cool wet winters.
Annual rainfall isohyets and representative histograms of average monthly rainfall are
shown on Figure 1. Mean annual Class A pan evaporation ranges from 1100 mm at the
south - western corner, to 3000 mm at the north - eastern extremities of the agricultural
areas. Respective January figures are 200 mm and 450 mm, and July 50 mm and 100
mm (Luke et al. 1987).
The Soil Conservation Service Branch of the Department of Agriculture commenced
rainfall and runoff data collection on a 24.3 ha catchment at Berkshire Valley, near
Moora, in May 1961. A further thirteen catchments of up to 265 ha in area were
subsequently selected and instrumented by the Department of Agriculture between 1968
and 1974. The aim was to obtain information on runoff from agricultural land, for use in
the design of ameliorative soil conservation measures and for extension to farmers and
catchment groups. All fourteen gauging stations became the property of the then Public
Works Department, now its successor, the Water Authority of Western Australia, on July
1 1970.
All fourteen gauged catchments are located on freehold land. All are privately owned
except the former Manjimup Research Station of the Department of Agriculture, which
became the property of the Department of Conservation and Land Management in 1986.
Reliance is therefore placed on the co-operation and goodwill of the respective
landholders in applying desirable cropping rotations and cultural techniques such as
contour working and reduced tillage.
The aim of this report is to document previously unpublished information on these small
farmland experimental catchments.
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2. Catchment Selection and Gauging-Weir Construction
The fourteen small farmland catchments were selected for gauging according to criteria
of being contained in one paddock in order to facilitate uniform land treatment, and with
natural catchment boundaries, where possible. A geographical distribution throughout
the agricultural areas of Western Australia was also considered desirable (Figure 1) in
order to provide widespread information, since extensive flooding and water erosion had
occurred during a series of high-rainfall years between 1963 and 1965.
Figure 1. Locations of small farmland experimental catchments, showing isohyets of
average annual rainfall with representative average monthly histograms, and runoff
event exceedances expressed as depths averaged over the catchment areas.
The selection of small farmland catchments is described briefly in the chronological
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order of the construction of their gauging weirs.
(i) Berkshire Valley Experimental Catchment (Station No. 617 600) (PWD, 1984)
The 24.3 ha Berkshire Valley experimental catchment was established in May1961. It
was installed on the property of the late Mr Fred Hamilton, as a joint project with the
Moora Rotary Club. Construction of the 90° rectangular Vee-notch gauging facilities was
carried out by the Department of Agriculture.
 (ii) Kunjin (North and South) Experimental Catchment (615 600 615 601)
Two 18.1 ha experimental catchments considered potentially suitable for paired
catchment studies were established on the property of Mr Paul Szczecinski at Kunjin.
Sharp-crested 120° V-notch weirs were constructed on the catchments in 1968 by the
Department of Agriculture, with the assistance of Corrigin Shire Council staff. “Ott XX”
water level recorders and “Pyrox-Summer” pluviometers were installed, and recording
commenced under the auspices of the Public Works Department in March 1969.
(iii) Nungarin (Homestead and Jolly’s) Experimental Catchment (615 604 615,
605)
Two catchments of 15.5 ha and 18.1 ha in area were selected on loamy and sandy soils
respectively near Nungarin, approximately 40 km north of Merredin. Construction of
0.610m deep parabolic, knife-edge weirs, with vertical surcharge plates, was carried out
as the first in a series under contract by J.O. dough & Son Pty. Ltd. in November 1969.
Both catchments are located on the property of Mr H. Williams.
(iv) Newdegate (Wheelock’s and Holland’s) Experimental Catchments (615 606,
615 602)
An upland, sandy surfaced catchment with mallee/heath vegetation was selected in co-
operation with Katanning District Office staff, prior to its scheduled clearing for
agriculture. The then landholder, Mr Max Wheelock agreed to temporarily defer planned
clearing of this 265 ha catchment in favor of other areas on the property. A 38.8 ha
cleared catchment, with loamy sand over sandy clay soils at 0.10 in, was also selected
on the property of Mr John Holland. Construction of 0.914 m and 0.762 m deep
parabolic knife-edge weirs respectively, was carried out during November and
December 1969. Wheelock’s catchment was cleared of native vegetation in November
1985. The properties on which Wheelock’s and Holland’s catchments are located are
now owned by Mr M. Dunkeld and Mr B.S. Ness, respectively.
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(v)Jackitup Creek (Hinkley’s Farm) Gnowangerup Experimental Catchment (602
600)
A 37 ha tributary catchment of Jackitup Creek was selected for gauging as
representative of erodible loamy-sand over sandy-clay soils in the area. Construction of
a 0,762m deep parabolic knife-edge weir was carried out on the catchment in December
1969. The catchment is located on the property of Mr W.A. Hinkley approximately 8 km
north east of Gnowangerup.
 (vi) Smith’s Brook Tributary - Manjimup (607 600)
Approximately 21 ha of the 5]. ha tributary of Smith’s Brook in Manjimup Research
Station had been cleared and pastured for some thirty years when selected for gauging
in late 1968. The remainder of the catchment is Karri (E~. diversicolor) forest. The
0.762m deep wide parabolic sharp-crested weir was installed during January 1969.
 (vii) North Midlands Experimental Catchments - Minjin, Moolanooka and Weir’s
Farm (618 602 618 603 618 601)
A 41.4 ha light-land catchment on the property of Bodycoat and Sons, approximately 10
km north-east at Carnarmah was selected for gauging during1969. A 23.3 ha heavy-land
catchment was also selected on part of the then G.G. John and Co. property (now
owned by Mr L. Sutherland), approximately21 km west of Perenjori. A further 3.4 ha
valley-floor catchment aproxImately20 km east of Three Springs was selected on the
property of D.C. Weir in1970. The aim was to obtain runoff data on three of the main soil
groupings in an approximately 250 km2 catchment east of Three Springs, in which
flooding had frequently been reported. Installation of 0.762m deep parabolic sharp-
crested weirs was carried out during February 1970 at the two former sites. A 0.305 in-
deep parabolic weir was constructed at the latter site in April 1971.
 (viii) Northampton Experimental Catchment (701 601)
A 12.9 ha upland catchment within the 229 km2 Nokanena Brook Basin was selected for
gauging as a nested catchment, thereby providing an indication of the effect of
catchment size on runoff. The catchment is located on the property of Mr B.S. Johnson,
approximately 5 km northwest of Northampton. Its 0.458m deep parabolic sharp-crested
weir was installed in March 1971.
 (ix) Melaleuca Experimental Catchment (601 600)
Nested gauged catchments were selected in co-operation with staff’ of the Water
Resources Section of the then Public Works Department in the Young River catchment
west of Esperance. This 65 ha (estimated) mallee-heath catchment located
approximately 25 km north at Munglinup is located on freehold land, suitable for farming
owned by Esperance Land Development Pty Ltd. It is contained successively within a
926 km2 gauged small rural catchment, an 8510 ha gauged representative basin and the
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161,000 ha Young River catchment. Construction of its 0.305m deep parabolic sharp-
crested weir was carried out by the then Public Works Department in April, 1974.
Latitudes and longitudes of the gauging stations on each of these small farmland
catchments are shown on Table 1. Their locations are shown on Figure 1. Isohyets of
average annual rainfall and histograms of average monthly incidence are also shown.
Runoff volume exceedances expressed as depths averaged over the catchment areas
in discrete runoff events as described in Section 5.0, are also shown on Figure 1.
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3. Instrumentation
All fourteen experimental catchments are equipped with sharp-crested weirs and float-
operated recorders. Two semi-parabolic weir plates merge tangentially into a 300 V-
notch at 0.0305m stage (Nutter and Sopper, 1968), except at the Berkshire Valley and
Kunjin gauging stations, where the weirs are combination 90°-rectangular and 120° Vee-
notches, respectively.
The depth-discharge rating curves of all of the weirs are theoretical. Rating curves
applied to calculate flows over the parabolic weirs were modified by the Water Authority
in 1985. Pondage drawdown measurements were taken by the author, using a large
tank at the WAWA Engineering Research Station, and analysed by J.R. Davies (then
Research Officer, Division of Resource Management, pers. comm. 1987). Results
suggest that the theoretical curves currently used by the Water Authority may
overestimate high flows.
Table 1. Catchment areas, latitudes and longitudes of small farmland
experimental catchments
W.A.W.A.
gauging
station no.
Name
Catchment
area
(ha)
Latitude Longitude
601 600 Melaleuca 65 S  33° 34’ 27” E  120° 52’ 22”
602 600 Jackitup Creek, Hinkley’s Farm
37 S  22° 53’ 58” E  118° 07’ 02”
607 600 Smith’s Brook Tributary 51 S  34° 22’ 19” E  116° 12’ 29”
615 600 Kunjin North 18.1 S  32° 19’ 01” E  117° 43’ 26”
615 601 Kunjin South 18.1 S  32° 20’ 18” E 117° 43’ 28”
615 602 Newdegate, Holland’s Farm 38.8 S  32° 59’ 05” E  119° 09’ 50”
615 604 North Nungarin, Homestead 15.5 S  31°09’ 38” E  118° 09’ 07”
615 605 South Nungarin, Jolly’s Farm 18.1 S  31°10’ 59” E  118° 09’ 12”
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615 606 Newdegate, Wheelock’s Farm 265 S  33° 01’ 36” E  119° 12’ 46”
617 600 Berkshire Valley Experimental
Catchment 24.3 S  30°33’ 58” E  116° 08’ 48”
618 601 Three Springs, Weirs Farm 3.4 S  29° 30’ 25” E  115° 56’ 29”
618 602 Three Springs, Minjin 41.4 S  29° 31’ 10” E  116° 01’ 28”
618 603 Three Springs, Moolanooka 23.3 S  29° 26’ 28” E  116° 04’ 55”
701 601 Nokonena Brook, Wearbe 12.9 S  28° 20’ 06” E  114° 36’ 55”
Rainfall is recorded using 0.2 mm tipping-bucket rain gauges on each catchment.
Rainfall and stage height are continuously monitored on the same recorder at each
catchment for synchronization of records.
Runoff has been sampled in rising-stage bottles positioned at approximately 0.1 m
intervals above cease-to-flow levels since 1983. Samples are routinely analysed by the
Water Authority for turbidity, colour and sediment with particle sizes less than 63
microns. Further analyses are carried out as required either at the Water Authority or at
the Chemistry Centre.
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4. Descriptions of Experimental Catchments
4.1 Topography
Topographical features of cleared farmland catchments were generally mapped when
the catchments were selected (Figures 2 to 12). The surface areas of uncleared
catchments were estimated using stereoscopic air photographs. Further estimates of
catchment areas were carried out as additional aerial photography became available.
Grade banks were constructed according to Departmental specifications on the
Berkshire Valley experimental catchment in November 1965 (Figure 8). Piping failure
occurred at four points along Grade Bank 3 during June 1987. Piping had not previously
been observed since construction of the banks. The upper two-thirds section of Grade
Bank 3 was re-aligned approximately 6m uphill in April 1988 in order to destroy the
pipes and reconstruct the bank. Excessive excavation of the softer soils formed from
doleritic parent materials again resulted in some ponding in the channel in 1988.
The grassed waterway on soils formed along a dolerite dyke below the outlet of Grade
Bank 3 gullied after being stripped of topsoil for side-bank construction, when the
conservation earthworks were maintained in 1982. The waterway was filled and
regrassed, though it again gullied following cropping  in 1987. The flow from Grade Bank
3 was then diverted to the main drainage line by a stepped series of three bulldozer-built
banks in July 1987, as shown on Figure 8.
4.2 Soils and Ponded Infiltration Data
Observed high runoff expressed as percentages of rainfall during wet periods, resulting
from rainfall with intensities expected to occur several times each year, on average,
suggest that vertical drainage through the soil profile is impeded on many catchments.
The saturation-excess runoff mechanism (Bligh and McFarlane, 1986) may therefore be
dominant under these conditions.
Ponded infiltration rates were measured using buffered infiltration cylinders after
removing the cultivated layer in order to obtain vertical infiltration rates through the soil
profile. Cylinders of 0.3 m diameter were driven approximately 0.1 m into the exposed
soil, with three replications at several sites on such catchments (Bligh, 1978).
Steady-state infiltration rates were generally found to be log-normally distributed, as
indicated by linear plots of even class intervals of the logarithms against the cumulative
number of values. Geometric mean rates of three replications are reported below,
together with soil and topographical characteristics affecting runoff on each of the
SMALL FARMLAND EXPERIMENTAL 29/10/02 CATCHMENTS IN WESTERN AUSTRALIA
10
experimental catchments. The catchments are described sequentially in the order of
their WAWA Station numbering.
4.2.1 Melaleuca, Munglinup (601 600)
Land slopes in this uncleared mallee-heath catchment are less than 2%. The main soil
types were described by G. Scholz (unpublished data, 1985) as gravelly medium sands
over cemented laterites over clays. The soils showed no water repellency at the time of
inspection in January 1987.
The effective catchment area below gilgai soils which pond water in depressions was
estimated at approximately 6 ha. Runoff during most events was considered to originate
from a small area immediately adjacent to the weir, which was inadvertently stripped of
native vegetation during construction.
Soils lower in the catchment were described by Scholz as Uc 2.23 (Northcote, 1979),
and soils near the gilgai plateau as Dy 4.32. Two soil profiles, higher in the landscape
were described as Urn 6.14 and Ug 5.22.
4.2.2 Jackitup Creek, Hinkley’s Farm (602 600)
Soils of this catchment were described by Scholz (unpublished data, 1985) as chiefly Dy
2.41, with a band of Db 1.41 soil running east-west in mid-catchment, possibly formed
from doleritic parent materials, and three small areas of Gc 2.12 soil (Figure 13).
Steady-state infiltration rates were measured in three adjacent 0.3 m diameter infiltration
cylinders driven 0.1 m into the sandy clay subsoil after removing the loamy sand
cultivation layer, with a further 0.3 in pond surrounding the cylinder (Ahuja et al.  1976).
Steady-state ponded infiltration rates were 0.39 and 8.3 x 10-8 ms-1 at two sites on Dy
2.41 soils, 13 x 10-8 ms-1 at a Db 1.41 profile, and 0.21 x 10-8 ms-1 on a Gc 2.12 profile,
corresponding to losses from rainfall measured in runoff during wet periods (Bligh,
1981). Infiltration of growing season rainfall into circular areas of 4 m2 decreased from
90% to less than 79% after three years continuous cropping under both traditional tillage
and sowing using a combine without prior tillage, but remained at 82% under zero-tillage
on a Db 1.41 profile (Bligh, 1984).
4.2.3 Smith’s Brook Tributary (607 600)
Soils known locally as karri loams occur generally on this catchment. Gravelly profiles to
depths in excess of 1 m occur on parts of the forested upper catchment. Runoff typically
occurs continuously between May and November. Intense rilling of cultivated soil
occurred on part of the cropped farmland area during July 1977.
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4.2.4 Kunjin North (615 600)
Textures of soil profiles in this catchment were mapped as shown in Figure 14 (P.R.
George, unpublished data, 1969). An area longitudinally traversing the catchment has
loamy sands to 0.15 m, over sandy loams to 0.6 in, over sandy clay (Figure 14). Sandy
loams overlying sandy clay at 0.1 in occupy areas to the north, with clays at the surface
on further areas to the north and south.
Free water was observed to remain between contour-working ridges on the clayey soil
surface for approximately four days after rain following a very wet period in July 1974,
compared with approximately two days on the sandy loam, and no ponding on the loamy
sand surface soil. Ponded sorptivity values were similarly ranked (Bligh, 1978). Visual
evidence of overland flow has been observed on the loamy sand soil only after high-
intensity summer rains. Steady-state ponded infiltration rates immediately below the
cultivated layer of 4.2 x 10-5 ms-1 were measured on the loamy sand, compared with 7 x
10-9 ms-1 on the sandy loam and 1.6, 1.7, 5.6, 21 and 25 x 10-9 ms-1  at five sites on the
clayey soil.
4.2.5 Kunjin South (615 601)
Similar loamy sand, sandy loam and clayey soils occur on this catchment as on the
Kunjin North experimental catchment (Figure 15, P.R. George, unpublished, 1969).
Steady state ponded infiltration rates immediately below the cultivated layer of 2.9 x10-6
ms-1 were measured in the loamy sand and 1.0 x 10-9   ms-1 on the clayey soil. Ponding
has been observed on the relatively flat area immediately to the south-west of the weir
on this catchment (Figure 4).
4.2.6 Newdegate, Holland’s Farm (615 602)
The soils of this catchment are loamy sands overlying coarse sandy clays (Dy 2.42 and
Dy 2.43, Scholz, unpublished data, 1985). Steady-state ponded infiltration rates
immediately below the cultivated layer were measured at three such sites as 36.7, 42.7
and 54.0 x i~8 ms~, similar to losses from rainfall in runoff measured during wet periods
(Bligh, 1981). There is a small area of Uc 5.11 soil near the north-eastern boundary
(Figure 5).
4.2.7 North Nungarin, Homestead (615 604)
The soils of this catchment are chiefly red-brown earths similar to those described as
Jura Series (Danberrin Soil Association) by Bettenay and Hingston (1961). More clayey
soils occur near the north-western boundary (Figure 6), and gritty sands adjacent to an
exposure of the granitic country rock near its eastern boundary. Up to 60% of rainfall
has run off this catchment during winter rains (Bligh, 1983).
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4.2.8 South Nungarin, Jolly’s Farm (615 605)
The soils of this catchment are chiefly deep loamy sands corresponding to the Ulva Soil
Association of Bettenay and Hingston, (1964). More clayey soils occur on steeper
slopes near its northern boundary (Figure 7). Up to 36% of rainfall has run off this
catchment when soils were initially relatively dry during extreme rains in February 1978
rains. Less runoff occurred under higher antecedent moisture levels resulting from
recent rainfall in May 1981.
4.2.9 Newdegate, Wheelock’s Farm (615 606)
Profile textures on this catchment were mapped as shown in Figure 16 (R. Engel,
unpublished data, 1985). Rapid progression of rain water to depths in excess of 5m was
traced using rhodamine dye (Nulsen et al.  1986). This rapid infiltration was attributed to
flow down preferred pathways around living roots of the mallee-heath vegetation.
4.2.10 Berkshire Valley Experimental Catchment (617 600)
The soils and geology of this catchment were described by Wells and McFarlane (1983),
with seasonal cracking observed in areas (Wells, pers. comm. 1987). Ponded infiltration
rates immediately below the cultivated layer were lowest near the southern boundary of
the catchment (Bligh, 1982). This is at variance with inferred infiltration characteristics
from the soil survey data, in which a “reasonably permeable” soil was indicated (Wells
and McFarlane, 1983).
4.2.11 Three Springs, Weir’s Farm (618 601)
This catchment is comprised of colluvial soils similar to those of the Merredin
Association (Bettenay and Hingston, 1961), texturing as sandy loam overlying sandy
clay loam at 0.1 m (Dr 2.12, Dr 2.13 and Dr, 2.23 Laing and Bligh, unpublished data,
1985). Ponded sorptivity and hydraulic conductivity values at the surface and
immediately below the cultivated layer were higher on this cleared farmland catchment
than on adjacent uncleared land (Bligh 1981).
4.2.12 Three Springs, Minjin (618 602)
The soils on this catchment are similar to those described as Norpa Series by Bettenay
and Hingston (1964), with loamy sand textures to depths in excess of 0.8 m (Uc 4.12;
Laing and Bligh, unpublished data, 1985). Surface runoff was not recorded on this
catchment during the months of June to August, though nine runoff events have
occurred since 1969.
4.2.13 Three Springs, Moolanooka (618 603)
A variety of soil types occur on this catchment, chiefly sandy barns overlying sandy
clays at 0.1 m to 0.4 m, with some Ug 5 heavy cracking clays (Laing and Bligh,
unpublished data). Ponded steady-state infiltration rates immediately below the
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cultivated layer were measured as 334, 327, 36.6, 10.9, 26.0, 44.5, 46.6, 102 and 404 x
10-8 ms~ at nine sites located uniformly over this catchment.
4.2.14 Nokanena Brook, Wearbe (701 601)
The surface soils on this catchment texture as loamy sand, overlying sandy barns and
sandy clays. Soils in central low-lying parts of this amphitheatre shaped area have been
observed to become saturated and yield continuous base flow for several weeks during
wet winters (e.g. 1974).
4.3 Land Treatments
The growing season vegetation and cultural techniques applied on experimental
catchments during the 22 year period 1966 to 1987 inclusive, together with the year of
commencement of gauging, are shown on Table 2.
Tillage operations were carried out on the contour where feasible, in order to minimize
concentration of overland flow by tillage ridges and corner headlands. Working
according to paddock boundaries and obstructions such as rocky areas and drainage
lines was carried out in the Berkshire Valley catchment prior to the construction of
contour banking in 1965, on the Weir’s Farm (Three Springs) catchment, and on the
Wearbe (Nokanena Brook), Wheelock’s Farm (Newdegate) and Smiths Brook Tributary
catchment. The Jackitup Creek (Hinkley’s Farm) and Minjin (Three Springs) catchments
were worked on the contour in the 1971 and 1978 growing seasons, respectively.
All cropping treatments were carried out with the traditional two or three tillage practices
up to the 1984 growing season, with the exception of lupins which were direct-drilled
using a combine in a single pass. The Kunjin North and Weir’s Farm (Three Springs)
catchments were sown without prior tillage using a combine or air seeder, commencing
in 1984. The North Nungarin (Homestead) catchment was sown without prior tillage
using a combine in 1984, and a zero-tillage disc seeder in 1985.
All catchments were grazed by sheep in pasture and stubble phases of rotations in
accordance with district practice, and also by cattle in the case of the Smith’s Brook
Tributary catchment.
The native mallee-heath vegetation in the Newdegate (Wheelock’s Farm) catchment
was flattened by chaining in late October: 1985, and burned on February 17, 1986.
Roots were removed by ripping and raking, and wheat planted after ploughing in the
1986, 1987 and 1988 growing seasons.
Pine trees were planted on approximately one-third of the 21 ha of pasture on the
Smith’s Brook Tributary catchment in an agro-forestry experiment during early winter in
1986. Plantings were at 2m intervals in rows 14m apart, to achieve densities of between
50 and 100 stems per hectare (D. Bicknell, W.A. Dept. of Agric., pers. comm. 1987).
Survival of pines in mid-1988 was generally poor, though variable.
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5. Average Recurrence Intervals Of Runoff Events
Water yields in discrete runoff events expressed as depths averaged over the areas of
the catchments, are shown from partial series analyses in Figures 17 to 27. All data
were made available to the Department of Agriculture (Water Authority of Western
Australia, unpublished data, 1984). An analysis of this data set has previously been
reported by Davies and McFarlane (1986, 1987).
Both annual and partial duration series points (Chow, 1964) are shown for the Berkshire
Valley catchment (Figure 23), for purposes of comparison. Analysis according to the
partial duration series was considered more appropriate for the design of soil
conservation structures in view of the more accurate lower average-recurrence-interval
characterization (since more than one erosion event may occur in a single year). All
other data points were therefore plotted according to the partial duration series.
Average recurrence intervals are defined as average time intervals between
exceedances (Australian Rainfall and Runoff, 1987), calculated as the number of years
of record plus one, divided by the rank order of the runoff event (Australian Rainfall and
Runoff, 1977).
Runoff events resulting from rainfall separated by cessation of surface flow were
considered discrete for the purposes of this study. Runoff events of up to four days
duration were included, since similar runoff would occur into soil conservation storage
structures such as level or absorption banks.
Runoff volumes were estimated for known runoff events during which recorders were
inoperative on five catchments, using anecdotal evidence and maximum flood stage and
peak flow from the relevant rating curves.
Four events of 25.7 mm, 5.3 mm, 5.1 mm and 4.9 mm, were estimated based on
preliminary recordings during 1969 at the Kunjin North catchment (615 600), and one of
1.3 mm on the Kunjin South catchment (615 601). Runoff of 9 mm was estimated to
have occurred during cyclonic rains in March 1971 from the Berkshire Valley catchment
(617 600) when the recorder was inoperative. Runoff of 30 mm was estimated at the
Wearbe catchment (701 600) during the March 1971 rains, when the peak stage was
0.8 m.
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Table 2. Vegetation and cultural techniques in each growing-season on
experimental catchments, 1966-87, with year of commencement of gauging.
Station no. Name 1966 1967 1968 1969 1970 1971
601 600 Melaleuca M/H M/H M/H M/H M/H M/H
602 500 Jackitup Creek, Hinkley’s Farm P C C P P C
607 600 Smith’s Brook Tributary P/F P/F P/F P/F P/F P/F
615 600 Kunjin North P C P C P P
615 601 Kunjin South P C P C P P
615 602 Newdegate, Holland’s Farm C P P P C C
615 604 North Nungarin, Homestead C P C P C P
615 605 South Nungarin, Jolly’s Farm C P P P P P
615 606 Newdegate, Wheelock’s Farm M/H M/H M/H M/H M/H M/H
617 600 Berkshire Valley C C P P P P
618 601 Three Springs, Weir’s Farm C P P C P P
618 502 Three Springs, Minjin C P P P P P
618 603 Three Springs, Moolanooka P C C P C P
701 600 Nokanena Brook, Wearbe C P P P C P
Station no. Name 1972 1973 1974 1975 1976 1977
601 600 Melaleuca M/H M/H M/H M/H M/H M/H
602 600 Jackitup Creek, Hinkley’s Farm P P P C P P
607 600 Smith’s Brook Tributary P/F P/F P/F P/F P/F P/F
615 600 Kunjin North P C P P C P
615 601 Kunjin South P C P P C P
615 602 Newdegate, Holland’s Farm P C P P C P
615 604 North Nungarin, Homestead P C P P P C
615 605 South Nungarin, Jolly’s Farm P C P P C P
615 606 Newdegate, Wheelock’s Farm M/H M/H M/H M/H M/H M/H
617 600 Berkshire Valley P P P P P P
6l~ 601 Three Springs, Weir’s Farm C P C P P C
618 602 Three Springs, Minjin P P P P P P
618 603 Three Springs, Moolanooka P C P P P C
701 600 Nokanena Brook, Wearbe P P P P P P
Station no. Name 1978 1979 1980 1981 1982  1983
601 600 Melaleuca M/H M/H M/H M/H M/H M/H
602 600 Jackitup Creek, Hinkley’s Farm C P P C C P
607 600 Smith’s Brook Tributary P/F P/F P/F P/F P/F P/F
615 600 Kunjin North C C P C P C
615 601 Kunjin South C P P C P P
615 602 Newdegate, Holland’s Farm C P P C C P
615 604 North Nungarin, Homestead C C C C P C
615 605 South Nungarin, Jolly’s Farm C P P C L P
615 606 Newdegate, Wheelock’s Farm M/H M/H M/H M/H M/H M/H
617 600 Berkshire Valley C P P C P C
618 601 Three Springs, Weir’s Farm P C P C C P
618 602 Three Springs, Minjin C P P C C P
618 603 Three Springs, Moolanooka P C C C P C
701 600 Nokanena Brook, Wearbe P C P C P P
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Station
no. Name 1984 1985 1986 1987 1988
Gauging
commenced
601 600 Melaleuca M/H M/H M/H M/H M/H 1974
602 600
Jackitup Creek, Hinkley’s
Farm
C C P P C 1971
607 6OO Smith’s Brook Tributary P/F P/F P/F) AF/F AF/F 1970
615 600 Kunjin North C(DD) L(DD) C(DD C(DD) P 1968
615 601 Kunjin South C P C P P 1968
615 602 Newdegate, Holland’s Farm C C C C P 1971
615 604 North Nungarin, Homestead C(DD) C(ZT)
P P P 1971
615 605 South Nungarin, Jolly’s Farm L C P C P 1971
615 606 Newdegate, Wheelock’s Farm M/H M/H C C C 1971
617 600 Berkshire Valley P C C FP C 1961
618 601 Three Springs, Weir’s Farm C(DD) C(DD) P C(RT) P 1971
618 602 Three Springs, Minjin C C P P P 1971
618 603 Three Springs, Moolanooka P C C C P 1971
701 600 Nokanena Brook, Wearbe C P P P P 1971
Legend:
M/H = Mallee-Heath land vegetation.
P = Pasture.
C= Cropped to cereals using traditional tillage.
P/F= Pasture-Forest on approximately half of the catchment.
AF/F= Agroforestry-Forest on approximately half of the catchment.
L= Lupins.
FP= Field Peas.
Reduced tillage Technique (in brackets).
RT= Reduced tillage.
DD= Sown direct using a combine or air seeder.
ZT= Zero tillage, sown using a disc seeder.
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Runoff of 30 mm and 5 mm were’ estimated based on peak stages of 1.0 m and 0.65m
at the Minjin catchment (618 602) during November 1970 thunderstorm and March 1971
cyclonic rains, respectively. The Water Authority’s daily flow print-outs include the
statements;-
 “From February 2, 1972 to March 2, 1976 most record from this station is poor. The weir
leaks badly and the float is prone to sticking on the bottom of the well. However no flow
(sic) periods can be defined with certainty.”
“In the following periods (sic) inflow to the stilling pool was recorded. Flow over the
gauging weir did not occur but may have if the weir did not leak to the extent it does.
March 30, 1975 to April 3, 1975.”
No-flow periods were reported for all of the period February 2, 1972 to March 2, 1976,
except the periods September 6, to September 14, 1973, March 30 to April 3, 1975 and
October 9, 1975 to March 2, 1976. In the absence of local anecdotal information on
runoff during these periods, during which maximum two-calendar-day rainfall totals of
32.8 mm, 42.4 mm and 21.7 mm respectively, were recorded, no runoff yield estimates
were included.
The highest reported runoff at the Weir’s Farm catchment (618 601) during an event in
December 1978 was omitted from the analysis in Figure 25, because flow occurred from
downstream to upstream at the weir site. Little if any, runoff was considered by the
landholder to have occurred from the catchment.
Mean annual, five and ten year average-recurrence-interval events after Australian
Rainfall and Runoff (1977), read from Figures 18 to 27 for each catchment, are shown
on Figure 1. Growth curves of runoff yield during the five and ten year events relative to
mean annual runoff yield, were then plotted against average recurrence intervals, as
shown on Figure 28.
The most severe flooding in the recorded history of the Lower Great Southern Region of
Western Australia occurred during January 1982. The 145.4 mm of rain recorded from
January 20-23 at the Jackitup Creek (Hinkley’s Farm) catchment resulted in 71.4 mm of
runoff. This is more than twice the highest runoff amount in any runoff event at any other
catchment. The 10-year average recurrence-interval yield of 44 mm derived from the
recorded data set (Figure 17) is therefore considered to be higher than its long-term
value because of this extreme event.
Rains in March 1971 in northern agricultural areas also resulted in the highest flood
stages observed in the Irwin River at Dongara since 1870. It is therefore likely that the
average recurrence intervals of runoff for the Three Springs (Minjin) and Nokanena
Brook (Wearbe) catchments were increased by the inclusion of an estimated 30 mm of
runoff from each catchment during this event.
Data from some of these small experimental catchments have been included in peak
flow analyses carried out in the Main Roads Department (Flavell 1983; Flavell ~., 1987;
Australian Rainfall and Runoff, 1987). Data have also been used by public authorities in
SMALL FARMLAND EXPERIMENTAL 29/10/02 CATCHMENTS IN WESTERN AUSTRALIA
18
various runoff studies, and as specialist evidence in litigation (Robins Nominees Pty. Ltd.
Versus A.V. and B.M. Bryant, Supreme Court of Western Australia, No. 2053 of 1978).
Mathematical modeling of runoff and water erosion has been carried out using runoff
and soil loss data collected during 1985 and 1986 within contour bays on the Berkshire
Valley Experimental Catchment (Townley et al.1989), funded under the National Soil
Conservation Program (NSCP). Data collection from the three contour bays was
continued in 1987 and 1988, with a view to applying reduced tillage treatments on
Contour Bays 1 or 2 (see Figure 8) following calibration of their relative runoff behaviour.
A study of soil factors affecting runoff funded under NSCP has commenced on these
small agricultural catchments (Neil Coles, Department of Soil Science and Plant
Nutrition, University of Western Australia, pers. comm. 1988).
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6. Discussion And Recommendations
The fourteen catchments described are the only currently-gauged farmland catchments
receiving a single land treatment in a comprehensive network of gauged catchments in
Western Australia (Public Works Department, 1982). Three small catchments located at
CSIRO’s Yalanbee Research Station near Bakers Hill, were also gauged from 1968 to
1986 (e.g. Williamson and Bettenay, 1979), and a 170 ha multi-treatment farmland
experimental catchment has been gauged at Fall’s Farm, Caballing since 1982 (e.g.
Seamier, 1987).
 Average recurrence intervals of runoff may only validly be extrapolated up to, or a little
greater than, the available length of record of at least two or three of the catchments
studied (Australian Rainfall and Runoff, 1987). An increasing body of Australian data
also suggests that soil conservation structures should be designed for average
recurrence intervals of 20 years or more (e.g. Freebairn et al.  1986; Edwards 1980,
1987). Host of the small farmland catchments have been gauged since 1971, giving an
average of seventeen years of record, with three of nineteen or more. Essential data for
use in the design of soil conservation structures and waterways would therefore be
appreciably augmented by a relatively few additional years of gauging. Average
recurrence intervals of extreme runoff events could be estimated with increased
accuracy, which would more than compensate for the small additional length of record
required.
The only catchment with more than twenty years of record (Berkshire Valley, 27 years),
is considered worthy of further gauging as the sole longer-term record available. Its
component contour bays are now also gauged, enabling study of the runoff within the
catchment. The effects of agro-forestry on runoff should also be measured over at beast
several years at the Smith’s Brook Tributary catchment near Manjimup, and of clearing
for agriculture at Wheelock’s Farm catchment at Newdegate. Effects of both of these
long-term treatment changes are required for an adequate understanding of hydrologic
effects of these agricultural activities. The desirability of continued gauging of the
Melaleuca (Munglinup) experimental catchment should be considered in the context of
the three progressively larger gauged catchments in which it is nested.
Results of the pondage-drawdown investigations suggesting that the currently-used
theoretical calibration for the 11 parabolic weirs over-estimates high flows (Section 3),
warrant further investigation. A field pondage drawdown calibration is recommended,
thereby eliminating possible differences between laboratory and field approach
conditions. In view of the considerable investment in the collection of these data, and the
future likely benefits of their accurate analysis, further increasing the accuracy of weir
calibration curves is considered to warrant high priority.
An apparent general north-east to south-west trend (Table 1) in growth curves shown on
Figure 28, suggests the possibility of a regional climatic and/or soil effect. The exception
of the growth curve for the more clayey soils and more deeply-incised Berkshire Valley
catchment reinforces this suggestion. Continued gauging is considered desirable until
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completion of the current study into soil factors affecting runoff on these catchments.
The erratic predictability of ponded infiltration below the cultivated layer based on soil
textural information at the Berkshire Valley catchment exemplifies the need for more
detailed studies.
An assumption of stable climate is implicit in the use of the average recurrence interval
concept. Variations in seasonal rainfall occurred in the periods 1941-70 compared with
1911-40 (Wright, 1972, 1974), and 1913-45 compared with 1946-78 (Pittock 1983).
Continued recording is required in order to determine effects of any future rainfall
variations on runoff. The recent preponderance of lower-than-average rainfall years has
highlighted predictions of reduced winter rainfall in agricultural areas of Western
Australia, following the increasing influence of the Greenhouse Effect on the earth’s
energy balance (e.g. Frahmand and Nulsen, 1988). Since runoff data from agricultural
land treatments are particularly required for use in the design of soil and water
conservation measures under rainfall changes, the records from these catchments
represent an excellent data base for quantifying design changes, if gauging is continued.
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Figure 2 Topographical features of the Jackitup Creek (Hirikley’s Farm)
experimental Catchment (602 600).
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Figure 3 Topographical features of the Kunjin North
experimental catchment (615 600).
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Figure 7 Topographical features of the South Nungarln (Jolly’s Farm) Eperimental
catchment (615 605)
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Figure 8 Topographical features of the Berkshire Valley
experimental catchment (617 600)
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Figure 11 Topographical features of the Three Springs
(Moolanooka) experimental catchment (618 603)
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Figure 12 Topographical features of the Nokanena Brook (Wearbe) experimental
catchment (701 600)
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Figure 13 Soil descriptions of the Jackitup Creek (Hinkley's Farm)
experimental catchment  (602 600)
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Figure 16 Soil textures on the Newdegate (Wheelock’s Farm)
experimental catchment (615 606)
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Figure 17 Average recurrence intervals of runoff events at the Jackitup Creek (Hinkley’s
Farm) experimental catchment (602 600)
JACKITUP CREEK (HINKLEY’S FARM) 602 600
197 1-83
AVERAGE RECURRENCE
INTERVAL (Weare)
32
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Figure 18Average recurrence intervals of runoff events at
The Kunjin North experimental catchment (615 600)
KUNJIN NORTH (615 600) 1968-83
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Figure 19Average recurrence intervals of runoff events at
The Kunjin South experimental catchment (615 601)
KUNJIN SOUTH (615 601)
1968-83
AREA : 0.18 km2
AVERAGE
RECURRENCE
INTERVAL (Years)
34
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Figure 20 Average recurrence Intervals of runoff events at the Newdegate
(Holland’s Farm) experimental catchment (615 602)
NEWDEGATE (HOLLANDS FARM 615 602)
1974 - 83
AREA 0~39 km2
AVERAGE RECURRENCE
INTERVAL (Years)
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Figure 21 Average recurrence intervals of runoff events at the North
Nungarin experimental catchment (615 604)
NUNGARIN C NORTH HOMESTEAD 615 604)’ 2
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Figure 22 Average recurrence intervals of runoff events at the South
Nungarin experimental catchment 615 605)
NUNGARIN (SOUTH - JOLLY’S 615 605)
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RUNOFF FROM DISCRETE RAINFALL EVENTS
BERKSHIRE VALLEY, MOORA 617600
x PARTIAL DURATION SERIES (LARGEST RUNOFF
EVENTS)
o ANNUAL SERIES (ONE EVENT PER CALENDER YEAR
E. ESTIMATE
Figure 23 Average recurrence Intervals of runoff events at the Berkshire Valley
experimental catchment (617 600)
AVERAGE RECURRENCE INTERVAL (YEARS)
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Figure 24 Average recurrence intervals of runoff events at the
Three Springs (Weir’s Farm) experimental catchment (618 601)
THREE SPRINGS (WEIRS FARM 618 601) AREA 0.034 km2
1971 - 83
AVERAGE RECURRENCE INTERVAL (Years)
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Figure 25Average recurrence intervals of runoff events at the
Three Springs (Minjin) experimental catchment (618 602)
THREE SPRINGS (MINJIN 618 602)
E : ESTIMATE
AVERAGE RECURRENCE INTERVAL (Years)
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Figure 26 Average recurrence intervals of runoff events at the Three
Springs (Moolanooka) experimental catchment (618 603)
THREE SPRINGS
(MOOLANOOKA 618
603)
1973 - 83
AREA : 0.233 km2
AVERAGE RECURRENCE
INTERVAL (Years)
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Figure 27 Average recurrence intervals of runoff events at the Nokanena
Brook (Wearbe) experimental catchment (701 601)
NOKANENA BROOK (WEARBE 701 601 ) AREA: 0.129
km2
AVERAGE RECURRENCE
INTERVAL (Years)
